What this study adds?
► Despite decreasing incidence of childhood epilepsy, epilepsy admission rates in children have increased; the increase is greater than the increase in admissions for any cause. ► Elective epilepsy admissions in children, unlike elective non-epilepsy admissions, have continually increased, but emergency admissions increased until 2000 and showed only minor fluctuations since. ► Increase in epilepsy admission rates has been particularly marked where a comorbid health condition, rather than epilepsy, is the primary admission cause.
AbsTrACT
Objective To examine trends in epilepsy admissions in children from 1981 to 2013. Design Repeated cross-sectional, population-based study. setting Scotland.
Patients We identified admissions among children between 1981 and 2013 inclusive. Epilepsy admissions were identified from the Scottish national hospital discharge database by using relevant diagnostic codes. Primary epilepsy admissions (PEAs) were those with epilepsy as the primary discharge diagnosis, or convulsions as the primary diagnosis but with epilepsy as secondary diagnosis. All other epilepsy admissions were secondary epilepsy admissions (SEAs).
Main outcome measures Trends in annual epilepsy and non-epilepsy admission rates, as well as sociodemographic, clinical characteristics, length of stay and readmissions of epilepsy admissions. results 57 031 epilepsy and 3 863 809 non-epilepsy admissions were available for analysis. Overall, epilepsy and non-epilepsy admissions increased, with a greater increase in epilepsy admissions (interaction Χ 2 test statistic 252, p<0.00001). Elective epilepsy admissions, unlike elective non-epilepsy admissions, continually increased, but emergency epilepsy admissions increased until 2000 and showed only minor fluctuations thereafter. Increase in SEAs was more marked than PEAs (interaction Χ 2 test statistic 627, p<0.0001). 48% of epilepsy admissions were to children's hospitals. No substantial trends were apparent in age, gender or deprivation distribution of epilepsy admissions. There was a clear trend towards shorter length of stay. Conclusions Childhood epilepsy admissions are increasing, at a faster rate than non-epilepsy admissions, and have changed towards shorter, more elective admissions. Many will not be to children's hospitals, and the primary reason will often not be because of epilepsy/convulsions. More, not less, epilepsy resources are needed.
InTrODuCTIOn
The care of children with chronic illness in the UK requires improvement. Outcomes, while improving over time, are relatively poor compared with those achieved in other countries, with timely access to specialist care a particular challenge. [1] [2] [3] Within this context, the management of children with epilepsy (CWE) warrants attention. CWE require coordinated inpatient, outpatient and community-based care. 4 Admissions may be required for planned diagnostic or therapeutic interventions, or for urgent management of their epilepsy or comorbid conditions present in up to 80%. 5 Understanding trends and characteristics of hospital admissions for CWE would facilitate resource allocation and service planning. Published studies on admissions for CWE are uncommon. 6 7 The incidence of childhood epilepsy has been decreasing. 8 9 Developments in training, technology and treatments have improved understanding, recognition and diagnosis of CWE. There is increasing recognition of neurological and non-neurological comorbid health conditions in CWE. 5 We hypothesised that over the last three decades, admissions for epilepsy would be declining but their clinical complexity would be increasing.
To test our hypothesis, we carried out a repeated cross-sectional, population-based study of admissions for epilepsy in children in Scotland. Our specific aims were to investigate trends in the following: 1. Annual admission rates (epilepsy and non-epilepsy admissions). 
Length of stay
Difference in days between admission date of first episode and discharge date of final episode within a complete admission record.
Readmission
Admission to any hospital for any reason occurring in the same or the subsequent month as the discharge from the index epilepsy admission. Only months of admission and discharge were available to us. Readmission analyses were restricted to epilepsy admissions from the year 2000 onwards, as identifying subsequent admissions relied on the child's unique patient identifier (CHI) being recorded on both the index epilepsy admission record and subsequent admission record. CHI completeness on SMR01 records for children has increased over time and been >99% since 2000.
Hospital deaths Death as obtained from the 'discharge destination' field of the final SMR01 episode within an admission record.
A&E, accident and emergency; CHI, Community Health Index; GP, general practitioner; ICD, International Classification of Diseases and Related Health Problems; ISD, Information Services Division.
2. Sociodemographic and clinical characteristics of epilepsy admissions. 3. Length of stay and readmission of epilepsy admissions.
Each was considered separately for emergency and elective admissions to identify divergent trends.
METhODs
Admissions of children (0-17 years inclusive) from 1981 to 2013 were identified using Scotland's national hospital discharge database (Scottish Morbidity Record 01 (SMR01)).
SMR01 records episodes of day-case or inpatient care in Scottish National Health Service (NHS) hospitals except if they were provided in neonatal, maternity or psychiatric settings. An 'episode' of care ends when a patient is transferred between consultants, specialties or hospitals, is discharged home, or dies. Episodes relating to the same continuous hospital stay are linked together to provide complete admission records. SMR01 data were obtained from the NHS National Services Scotland Information Services Division (ISD). Non-Scottish residents were excluded. Scottish National Forensic Mental Health Facility residents were excluded due to disclosure sensitivities.
SMR01 includes demographics, care details, and coded information on patients' diagnoses and any procedures. Primary and up to five secondary diagnoses are recorded using the International Classification of Diseases and Related Health Problems (ICD) codes (ICD9 to 1996, ICD10 thereafter). Primary diagnosis is 'the condition, diagnosed at the end of the episode of health care, primarily responsible for the patient's need for treatment or investigation'. Secondary diagnoses are 'those conditions that co-exist or develop during the episode of healthcare and affect the management of the patient'.
10 SMR01 records are subject to validation at submission to the ISD. The ISD also undertakes periodic data quality assurance. The accuracy of primary diagnosis ICD coding of a random sample of 3345 records in 2014/2015 was 89% at a three-digit ICD10 level. 11 The diagnostic accuracy at a three-digit level for ICD10 code in a 'booster' sample of 135 epilepsy/convulsions records was 94% and 97% for records with an epilepsy code as primary and secondary diagnoses, respectively.
11
Definitions of admission characteristics derived from SMR01 are provided in table 1. statistics Throughout, the magnitudes of effect were also considered since the very large sample size means statistical significance alone is insufficient to indicate a clinically important effect. There was no imputation of missing data because given the data source, these were expected to be rare.
Aim 1
We used midyear population estimates 12 to calculate crude annual admission rates for epilepsy admissions, those with epilepsy as a primary (primary epilepsy admission, PEA) or, separately, a secondary (secondary epilepsy admission, SEA) diagnosis, and non-epilepsy admissions. Emergency and elective admissions were examined separately for each type.
Trends in admission rates were examined using crude and adjusted admission rate ratios (aARRs). The reference year was 2000, as the national guidance on recording of comorbidities in SMR01 (likely to influence the number of SEAs) was issued in mid-1999; it reinforced that chronic comorbidities should be recorded on inpatient and day-case records. This was strengthened in 2007. 13 aARRs were derived using negative binomial regression incorporating an offset term for midyear population and adjusting for age, sex and socioeconomic deprivation.
Linear trends in admission rates were also examined with pairwise interactions between year, admission type (emergency/ elective) and diagnosis position (primary/secondary) to assess differential trends.
Aim 2
The characteristics of epilepsy versus non-epilepsy admissions were compared using χ 2 test. We examined the age, sex, deprivation and hospital type distribution of emergency and elective epilepsy admissions using stacked bar charts. We also calculated the proportion of epilepsy admissions from 2000 onwards with a comorbidity recorded (online supplementary table S1). Trends in these characteristics were formally examined using logistic or robust linear regression models with interaction terms as above.
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Aim 3
We examined the length of stay distribution of epilepsy admissions using stacked bar charts. We calculated the proportion of epilepsy admissions from 2000 onwards readmitted in the same or subsequent month. Trends were examined using regression models as above.
rEsulTs
Among 3 920 840 admissions, 57 031 (1.5%) were epilepsy admissions; 0.8% were PEAs and 0.6% SEAs. Epilepsy were more likely than non-epilepsy admissions to be older, to a children's hospital, to be an emergency admission and have longer length of stay (table 2) . Crude epilepsy admission rate was 93/100 000 (95% CI 88 to 98) in 1981 and 216/100 000 (95% CI 207 to 225) in 2013. Crude non-epilepsy admission rate was 8001/100 000 (95% CI 7954 to 8049) in 1981 and 10 990/100 000 (95% CI 10927 to 11054) in 2013 (online supplementary figure  S1 ). aARRs are shown in figure 1. Overall, both emergency and elective epilepsy and non-epilepsy admissions increased over time, with a greater increase in epilepsy compared with non-epilepsy admissions (interaction Χ 2 test statistic 252, p<0.0001). The overall increase in emergency admissions for both epilepsy and non-epilepsy admissions was due to increase pre-2000, with minor fluctuations after (figure 1). By contrast, elective epilepsy admissions showed a continual increase while non-epilepsy admissions showed modest increase pre-2000, then no change.
Considering epilepsy admissions specifically, the increase in emergency and elective admission rates was more marked for SEAs compared with PEAs (interaction χ 2 test statistic 627, p<0.0001).
sociodemographic and clinical characteristics of epilepsy admissions
There were no substantial trends in age (mean reduction of 0.04 years per annum, 95% CI 0.03 to 0.05), socioeconomic deprivation (mean reduction in quintile of 0.008 per annum, 95% CI 0.006 to 0.009) or sex (OR 0.998 per annum for female admissions, 95% CI 0.996 to 1.000) distribution (online supplementary figure S2 ).
Of 57 031 epilepsy admissions over the study period, 27 129 (48%) were to children's hospitals (table 2) . There was an increasing odds of admission to a children's hospital (OR 1.08 per annum, 95% CI 1.08 to 1.09), with greater effect for elective admissions (interaction OR 0.94 per annum, 95% CI 0.93 to 0.94) ( figure 2 and online supplementary figure S2 ).
53% of emergency and 69% of elective epilepsy admissions from 2000 to 2013 had comorbidity (table 3) . The proportion of epilepsy admissions with comorbidity increased moderately (OR 1.026 per annum for any comorbidity, 95% CI 1.019 to 1.032; online supplementary figure S3). 
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Table 3 Number of admissions with comorbidity, a readmission (within 1 month), with any, primary or secondary diagnosis of epilepsy by admission type for years 2000-2013 Emergency
length of stay and readmissions of epilepsy admissions
Over the 33-year study period, there was a 2.3-day (95% CI 2.2 to 2.4) reduction in mean length of stay, with no substantial difference between emergency and elective admissions (interaction 0.5, 95% CI 0.4 to 0.6). Between 2000 and 2013, there were 27 969 epilepsy admissions of which 37% had readmissions (table 3) . Readmission rates were higher for emergency compared with elective admissions (OR 1.56, 95% CI 1.48 to 1.65), and for SEAs compared with PEAs (OR 1.34, 95% CI 1.27 to 1.41) (online supplementary figure S4 ). Overall there was a small increase in readmission rates over the period (OR 1.02 per annum, 95% CI 1.01 to 1.03).
DIsCussIOn
In this novel study of trends in epilepsy admissions in children, the following are our principal findings: (1) Despite a decreasing incidence of childhood epilepsy, epilepsy admissions are increasing. (2) This is driven by continual increase in elective but not emergency epilepsy admissions; the increase is not due to an overall systematic shift in elective admissions for any cause. (3) Increase in epilepsy admission rates has been particularly marked where a comorbid health condition, rather than epilepsy, is the primary admission cause. (4) An increasing number of elective epilepsy admissions are to children's hospitals, but a substantial proportion of emergency and elective epilepsy admissions remains to general hospitals.
Epilepsy admissions in England among adults and children combined showed a lower and decreasing annual admission rate compared with our findings. 7 This may reflect differences in study population ages since higher incidence may result in higher admission rates; epilepsy incidence is a U-shaped curve, with the highest incidence in childhood and the elderly.
14 Alternatively, they may reflect differences in admission practice due to greater challenges in the diagnosis of epilepsy in children. Epilepsy admissions in children in England and Wales in the 1990s showed similar trends to our data, suggesting external validation of our observations. 6 It would be useful to see in future studies whether trends from 2000 onwards are similar to our findings. Shorter stays of epilepsy admissions, continual increase in elective admissions and increasingly elective admissions being to children's hospitals may reflect a greater use of short, planned admissions for specialist investigations or procedures. 15 This would reflect what is often seen in our practice with videotelemetry and/or neuroimaging among the more common elective admissions. The levelling off of emergency admission rates for epilepsy from 2000 onwards may be related to improvement in epilepsy services, such as implementation of national epilepsy guidelines, increased availability of epilepsy training for clinicians, appointment of epilepsy specialist nurses (ESNs) and better treatments. 16 The greater increase over time in secondary rather than primary epilepsy admissions may reflect both improved recording of epilepsy as a secondary diagnosis (when CWE are admitted for intercurrent issues such as injuries or infections, or for management of chronic coexisting conditions/comorbidities). Alternatively, it could be related to increasing clinical complexity/comorbidity of epilepsy admissions.
This study shows paediatricians are likely to be regularly required to be involved in caring for children admitted with or for epilepsy. Despite the shift towards admission to specialist hospitals, many admissions will still be to general hospitals. Thus, more widespread expertise and competency in the management and diagnosis of childhood epilepsy among clinicians, rather than restricted solely to a limited number and/ or within children's hospitals, is needed. This would facilitate adherence to national guidelines and improvement in quality of care of CWE. 
limitations
High accuracy and quality of epilepsy coding in SMR01 has been evidenced earlier. Despite this, we may have missed epilepsy admissions where the discharge diagnosis was not ascribed an epilepsy code. Misclassification variation over time may have impacted on results. However, since the accuracy of main condition coding within SMR01 has been consistently high (88%) since at least 1992, 11 the magnitude of trends indicates they are not entirely due to misclassification. Information on seizure phenotypes, type, number of antiepileptic medication, procedure/operation codes for elective admissions and out-of-hospital deaths was not available to allow us to put our findings in further context. ESNs were appointed over a wide range of dates, with some posts intermittently filled, so we were not able to directly examine their impact.
COnClusIOn
Epilepsy admissions are increasing, at a faster rate than non-epilepsy admissions, and have changed towards shorter, more elective admissions. Many will be of CWE with additional comorbid health conditions, will not be to children's hospitals and will not be primarily because of epilepsy/convulsions. Clinicians and policy makers should consider these data in the design, commissioning and delivery of childhood epilepsy services; despite the decreasing incidence of childhood epilepsy, arguably more resources rather than less are needed for epilepsy admissions.
